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Mahdi Al-kaisi 
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Introduction 
Carbon sequestration is an issue worth exploring for its potential impact on, and benefits for, 
agriculture and climate change. Agriculture can be part of a potential solution to the problem of 
global warming, where proper soil and residue management have been implemented. There will 
be ancillary benefits due to carbon sequestration to the farmers as well as to the soil and the 
environment. The issue of carbon sequestration will be a subject of constant debate and 
discussion for many years to come. However, the focus on this issue recently intensified, and 
farmers showed a great deal of interest. This may be motivated by the current low grain prices 
and the need to look for alternative value for their land. Also, agriculture plays a major role in 
the global fluxes of each of the greenhouse gases, and has been explored as a partial means for 
slowing further increases in radiative forcing through soil carbon sequestration in cropping 
systems under reduced tillage (Paustian et al. , 1995 and Lal, et al. , 1999) and organic 
management regimes. 
Agricultural ecosystems comprise an estimated 11% of the land surface of the earth (Houghton et 
al. , 1983) and include some of the most productive and carbon-rich soils. As a result, they play a 
significant role in the storage and release of C within the terrestrial carbon cycle (Lal et al. , 
1995). In the context of global change, three major issues need to be considered in dealing with 
soil C balance and the emission of greenhouse gases from the soil. These are: (1) the potential 
for increased C02 emissions from soil under conditions of global warming, giving rise to a 
positive feedback on the greenhouse effect (Jenkinsen et al., 1991), (2) increased emission of 
other radiatively-active trace gases from soil as a consequence of land management practices 
(greater N20 emission and less CH4 consumption with increased N fertilizer use)(Bronson and 
Mosier, 1993; Robertson, 1993), and (3) the potential for increasing C storage in soils to explain 
what appears to be a contemporary mid-latitude C02 sink of 1.3-2.4 Pg y{1 C (1 Pg=10 15 g) 
(Tans et al., 1990), and to help ameliorate future increases of C02 in the atmosphere (Barnwell et 
al., 1992). 
The maintenance of organic matter in the soil system can help prevent soil degradation. Soil, as 
an open system, can play an important part in regulating greenhouse gases emissions to the 
atmosphere. A current hypothesis is that soils can function as net sinks of atmospheric C, and 
therefore attenuate the increase in atmospheric C02 (Lal et al. , 1995). Soil organic carbon 
(SOC) generally decreased with cultivation, and carbon lost from soil transfers into atmospheric 
carbon dioxide, a greenhouse gas. Also, agriculture activities enhance other greenhouse gases 
emissions from soils such as N20. Since any changes in agricultural practices can influence the 
SOC storage in and greenhouse gases flux from soils, the net benefit due to changing agricultural 
practices needs to be considered. 
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Different sources of organic matter supply soils with carbon to replenish their C and nutrient 
pools. However, organic materials added to soils contain a wide range of C compounds that vary 
in rates of decomposition (Ajwa and Tabatabai, 1994). The biological breakdown of the added 
organic material depends on the rate of degradation of each of the C-containing materials present 
in the sample (Gilmour et al. 1977; Reddy et al. 1980). Changes in environmental factors may 
cause change in the rate of decomposition rates of organic materials in soils. Studies on 
alteration of soil moisture status, 0 2, soil temperature, pH, and availability of minerals, have 
been shown to be important in decomposition of organic materials (Broadbent et al. 1964; 
Kowalenko et al. 1978; Clark and Gilmour 1983). 
A great deal of research has been done on the effect of different soil physical properties on plant 
residue decomposition and other aspects of C recycling between SOM and its pools. On the 
applied side of research on C sequestration as related to different tillage practices and different 
crop rotation systems, more work needs to be done to answer some of the questions that we are 
facing today. 
Carbon Pools and Sinks 
Soils store a significant amount of the carbon. Globally, soils contain approximately 1.5 x 1012 
million metric tons of carbon (Post et al., 1998). As a component of the carbon cycle, soils can 
be either net source or net sinks of the atmospheric carbon dioxide (Fig. 1). Changes in land use 
and agricultural activities during the last 200 years have made soils act as net sources of 
atmospheric C02. Evidence from long-term experiments suggests that C losses attributable to 
oxidation and erosion can be reversed with soil management practices that minimize soil 
disturbance and optimize plant yield through fertilization (Cole et al. 1988). It is possible that 
improved land management can result in a significant increase in the rate of carbon input into the 
soil. Because of the relatively long turnover time of some soil carbon fractions, this could result 
in sequestration of a sizable amount of carbon in soil for several decades ( Post et al., 1998). 
Tillage Practices, Fertilizer Use, and Carbon Storage in Soils 
Conservation tillage practices may decrease decomposition rate, reduce C02 emission and 
production of inorganic dissolved nitrogen (i.e. nitrate and ammonium) in soil (Li, 1995). Li, 
1995, showed that when conventional tillage was converted to conservation tillage or no till, both 
C02 emission and N-uptake by crops were reduced at different sites. Reduction in C02 emission 
enhances soil organic carbon (SOC) content, but reduction inN-uptake decreases residue 
production and hence, organic C storage in soils (Li, 1995). It was found that reducing tillage 
significantly decreases SOC loss from SOC-rich soils. 
The effect of fertilizer use rates on carbon sequestration and greenhouse gases emissions have 
been investigated by many scientists. It was found that N20 emission was reduced with lower 
rates of fertilizer use. The magnitude of the change in annual N20 emission was also related to 
SOC content (Li, 1995). The lower the SOC content, the less the change in N20 flux caused by 
reducing fertilizer rate. On the other hand, direct manure application will add organic matter into 
the SOC pool, which increases the N20 emission rate through elevating nitrate and soluble 
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carbon concentrations in soils. The benefit of applying manure as related to SOC content and the 
amount of manure applied is summarized in Figure 2. 
Processes Effect Carbon Sequestration in Soils 
1. Organic production. Carbon production can be increased through the process of 
photosynthesis, where the pemianent vegetation cover can store a significant amount of 
carbon dioxide as organic carbon. 
2. Minimize organic carbon breakdown. Several factors can accelerate organic carbon 
breakdown and production of greenhouse emissions. These factors are soil moisture, soil 
pH, oxidation-reduction process, soil temperature, chemical and physical soil properties, 
nutrient status, plant residue quantity and quality. 
3. Soil Erosion. The exposure of soil organic carbon to aeration during soil erosion 
increases C02 emission. Also, soil erosion can cause carbon to accumulate with soil 
sediments and to be removed from soil carbon pool. The removal of carbon from soil 
will lead to a decline in soil fertility. 
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Fig. 1. Primary aspects ofthe carbon cycle (Hurley, 1999). 
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Fig. 2. Net benefits of manure application for C sequestration (after Li, 1995) 
Table 1. Effect of Rotation and Treatments on Organic Carbon Content in Morrow Plots, 1876-
1940, University of Illinois. (After Stauffer et al., 1940). 
Rotation Treatmenta %Organic C % Organic Matter % C change6 
Com None 1.74 2.99 -45.6 
MLP 2.09 3.59 -34.7 
Com-Oats None 2.14 3.68 -33.1 
MLP 2.44 4.2 -23.6 
Com-Oats-Clover None 2.28 3.92 -28.7 
MLP 3.35 5.76 +4.0 
Sod None 3.20 5.50 0.0 
aMLP manure-lime-phOsphOrus. 
b% C changes based on sod C value. 
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Fig. 4. Influence of cropping system on organic carbon in Hays, Kansas (After Hobbs and Brown, 1965). 
C-SG = Com Small Grain 
C-RC =Continuous Row Crop 
A-RC= Alternative Row Crop and Fallow 
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